Introduction: Snail1 is a transcription factor that
INTRODUCTION

Renal embryogenesis is characterized by the sequential development of an undifferentiated
Electronic supplementary material The online version of this article (doi:10.1007/s40487-014-0005-0) contains supplementary material, which is available to authorized users. metanephric mesenchyme (MM) into a complex organ composed of specialized epithelial structures and stroma. This process is initiated by the ureteric bud (UB), an early epithelial structure derived from the Wolffian duct [1] . A crucial factor for the developing kidney is the product of Wilms' tumor suppressor gene 1 (WT1) especially with respect to mesenchymal-epithelial balancing [2, 3] . WT1 seems to interact with Snail2 (slug), a close relative of Snail1 [4] . With Cadherins are involved in intracellular signaling and the type I cadherins, E-cadherin and N-cadherin, seem to play major roles in renal epitheliogenesis [5] . E-cadherin is a transmembrane protein encoded by the CDH1 gene at chromosome 16q22 and expressed in epithelial cells. The intracellular interaction of this protein with beta-catenin is essential for cell adhesion [6] . The expression of E-cadherin is influenced by several factors, amongst others the transcriptional regulator Snail1, and Snail2 (slug). Snail1, a zinc finger protein is a member of the snail superfamily [7] . Studies with snail1-/-mice indicate that this protein is a central regulator of gastrulation and is crucial for development as snail1-/-mice die early during embryonic development [8] . Snail1 was shown to induce transcription of genes linked to mesodermal differentiation like vimentin and fibronectin. Snail1 also acts as a transcriptional suppressor of E-cadherin, cytokeratin 18, claudin and occludin. In turn, Snail1 is regulated by various growth factors, namely fibroblast growth factor, endothelial growth factor, tumor growth factor-b, bone morphogenetic protein and Wingless (WNT), which are all crucial for embryonic development [9] . Snail2 (slug) is considered a functional equivalent of Snail1 but can be induced by the latter [10] . Active Snail1 is localized in the nucleus, whereas inactive Snail1 transfers to the cytoplasm for ubiquitination and degradation [11, 12] . Snail is a putative inducer of mesenchymal-epithelial transition (MET)/epithelial-mesenchymal transition (EMT), cell movement and survival [13] . During embryonic development, epithelial and mesenchymal phenotypic transitions, as described above, are necessary for the formation of different tissues. However, these processes are not only involved in development but they seem also to be implicated in pathologic processes such as malignancy and fibrosis [10] . A characteristic point of EMT is the mutual interplay of Snail1 and E-cadherin, where Snail1 induces a reversal from the epithelial phenotype (characterized by E-cadherin expression) to a mesenchymal phenotype (characterized by N-cadherin and vimentin expression among others) [14] . On the other hand, much less is known about the regulators that govern MET, which is probably due to the fact that morphologic evidence of MET has mainly been produced for the organogenesis of the kidney and testis [1] . However, in Wilms' tumor (WT), a human kidney neoplasia mainly occurring in infants, it has been speculated that an incomplete MET represents the initial 
METHODS
Tissue Samples
Nineteen formalin-fixed, paraffin-embedded surgical specimens were retrieved from the seven childhood WT, and two adult WT. We used the Sn9H2 antibody, which was developed in house and tested for specificity [15] . Human placenta served as a positive control for all immunoreactions.
Three micrometer sections were taken from each block and transferred to coated slides. 
RESULTS
Snail1
One out of ten cases showed a strong nuclear reactivity in stromal and some blastematous cells ( Fig. 1a, b ; Table 1 ). Seven out of ten fetal kidneys exhibited a cytoplasmic reactivity in tubular epithelial structures (Fig. 2) . Mesodermal and stromal cells were not immunoreactive. In the remaining three positive cases, blastematous areas were positive, but not stromal and tubular structures. Both adult WT were negative for Snail1 in stromal, tubular and blastematous areas.
E-Cadherin
Fetal kidneys showed an immunoreaction in distal parts of the nephron and the collecting duct, and a weak or no staining in the proximal tubules, glomeruli and blastematous cells ( Fig. 1c, d ; Table 1 ). Eight out of nine WT showed immunostaining of epithelial structures, whereas non-epithelial structures remained negative (Fig. 3c) . Staining was strictly membrane bound. 
N-Cadherin
Three out of ten fetal kidneys exhibited a weak immunoreaction, and one out of ten a strong cytoplasmatic immunoreaction in proximal tubular epithelial cells (Fig. 4) . Blastematous and stromal cells were N-cadherin negative.
Six out of nine WT showed a similar reactivity in epithelial cells, whereas blastematous and stromal cells were negative (Fig. 3d) .
Immunostains for cytokeratins and vimentin were used as marker reactions to verify an epithelial and/or mesenchymal differentiation, and were both positive in epithelial or mesenchymal structures in all fetal kidneys and all WT (data not shown).
DISCUSSION
We analyzed the expression patterns of Snail1, E-cadherin and N-cadherin in fetal kidneys and WT in the context of MET to elucidate a putative biologic relationship between physiologic kidney development and neoplasia. The major limitation of the study is the small case number (aggravated by the rarity of WT) which makes statistical analysis pointless. Based on our finding that Snail1 was detectable in eight of the ten fetal kidneys, we speculate that Snail1 may be involved in MET of the developing kidney. However, only one out of ten kidneys exhibited a nuclear Snail1 immunostain (Fig. 1) , whereas seven out of ten fetal kidneys showed a cytoplasmic anti-Snail1
reaction. This phenomenon may reflect the transition of active nuclear Snail1 to inactive cytoplasmic Snail1 prior to ubiquitination [5, [16] [17] [18] . Procialeck et al. [19] . This compartmentalized The roles played by E-cadherin, N-cadherin and Snail1 in WT, however, seem less well organized as we found co-expression of both cadherins and Snail1 in some childhood WT. Obviously, these proteins may be activated in WT, but seemingly haphazardly.
CONCLUSIONS
Snail1, E-cadherin and N-cadherin are expressed in morphologically distinct patterns in the fetal kidney, although the main impact of Snail1 might occur earlier during embryogenesis. All three markers are also expressed in childhood WT, but apparently in a less organized pattern.
Our findings do not support the assumption that WT recapitulate renal organogenesis, at least not with respect to the distribution patterns of cadherins and Snail1. 
